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Program Goal

The Water Management for Power Systems FWP seeks to reduce water consumption at
both new and existing fossil power plants, as well as to decrease the cost of treating
power plant effluent streams by converting them into valuable resources

Tasks: Principal Investigator
« Task#2: Guiding R&D for Treatment of Fossil Power Plant Effluent Streams Eric Grol

« Task#3: Selective Removal of Heavy Metals from Effluent Streams McMahan Gray

« Task#4: Concentrating Wastewater Effluent Streams & Resource Recovery Nicholas Siefert
 Task#5: Impact of Water Use of Power Systems Erik Shuster

« Task#é: Biological Treatment of FGD Effluent Streams Djuna Gulliver

« Task#7:. Characterization of FGD Effluent Streams Dustin Mclintyre

« Task#8: Water Management for Fossil-Based Hydrogen Production Timothy Skone

.S. DEPARTMENT OF
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2020 New Final Ruling EPA Data Collected during Initial Rule Making
Monthly PP June 22 | MF July | AAug | BClJune
Avg Lim 2010 12 2010 | 2 2010 | 2010
Arsenic, total (ug/L) Arsenic, total (ug/L)
Mercury, total (ng/L) 13 34 Mercury, total (ng/L) 2,080,000 166,000 50,300 291,000
Selenium, total (ug/L) 16 29 Selenium, total (ug/L) 15,000 3,400 1,500 6,600
Nitrate/nitrite as N (mg/L) 2 3 Nitrate/nitrite as N (mg/L) 160 72 14 16

Link to Aug 31, 2020 Ruling Published Oct 13 2020 to Federal Register
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https://www.epa.gov/eg/2020-steam-electric-reconsideration-rule#:~:text=In%202015%2C%20EPA%20issued%20a,be%20discharged%20from%20power%20plants.&text=In%20response%2C%20EPA%20agreed%20to,for%20those%20two%20waste%20streams.
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EPA ELG Final Rule: October 2020

TABLE XIV-1—LONG-TERM AVERAGES AND EFFLUENT LIMITATIONS AND PRETREATMENT STANDARDS FOR FGD
WASTEWATER FOR EXISTING SOURCES (BAT/PSES)a

Dail Monthl
Subcategory Pollutant Lc;cgge;m maxim!{;m averagg
9 limitation limitation
Requirements for all plants not in the VIP or subcategories speci- | Arsenic (ug/L .................. 4.98 18 | 8
fied below (BAT & PSES).
Mercury (ng/L) ............... 13.48 103 | 34
Nitrate/nitrite as N (mg/ 2.14 4|3
L).
Selenium (ug/L) ............. 15.87 70 | 29
Voluntary Incentives Program for FGD Wastewater (existing di- | Arsenic (ug/L) ...........c.... 5.0 5| NA
rect dischargers).
Mercury (ng/L) ............... 5.44 23|10
Nitrate/nitrite as N (mg/ 0.89 20 1.2
L).
Selenium (Ug/L) ......c...... 7.35 10 | NA
Bromide (mg/L) .............. 0.200 0.2 | NA
TDS (Mg/L) oo 86.06 306 | 149
Low utilization subcategory-AND-High FGD flow subcategory | Arsenic (ug/L) ................ 5.98 11| 8
(BAT & PSES).
Mercury (ng/L) ............... 159 788 | 356

aBAT effluent limitations for EGUs that will permanently cease the combustion of coal by December 31, 2028, are based on the previously es-
tablished BPT limitations on TSS and are not shown in this table. The BAT effluent limitations for TSS for these EGUs are: Daily maximum of
100 mg/L; and monthly average of 30 mg/L.

bl ong-term average is the arithmetic mean of the quantitation limitations because all observations were not detected.

¢Limitation is set equal to the quantitation limit for the data evaluated.

dMonthly average limitation is not established when the daily maximum limitation is based on the quantitation limit.
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https://www.govinfo.gov/content/pkg/FR-2020-10-13/pdf/2020-19542.pdf

° y ° - INATIONAL
Overview of RIC's Experimental Efforts N=|er
TL LABORATORY
FGD Effluent Cation Heavy Metal Anion Redox Removal: To meet existing
Removal: Hg*2, Pb*2, SelV/VI to Se, Aslll/V to As, regulations
l Cd*?, Co*? i NIl/V to N, ,
LIBS Sensor Task 3 g T Tasks 6 !  § LIBS Sensor
(Task 7) (Task 7)
Fnding Ending To recover
;g'alz :;il':e/ Brine Concentration New UF/N F/RO Treatment Skid r:;gurces

. to achieve ZLD
Existing

i I ilf_i i|||l

Fresh Water Fresh Water Limestone Barite
Make-up Make-up Make-up (Drilling Additive)

(Boron removal)
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Objective

* Design and test low-cost sorbents selectively remove heavy metal and other regulated BIAS Sorbent

species from FGD effluent

Results

* Three NETL sorbents selectively reduced Se concentrations below the EPA
discharge limit from Somerset FGD water.

* Two NETL sorbents selectively reduced Hg concentrations below the EPA discharge Ry ! © Water
limit (<5.1 ppt) from Longview FGD water, while simultaneously removing 99% of Funct I" ; _II. ngxﬁ:ﬁge
Mn, 99% of Al, 95% of Co, 99% of Ni, and 60-93% of Cd. unctionalized siica 4B oo oo
Tech Transfer

1 Journal article, 2 presentations, 3 patent applications

1. M. L. Gray, B. W. Kail, W. C. Wilfong, Q. Wang, Stable immobilized amine sorbents for REFE and heavy
metal recovery from liquid sources. Published April 2018, WO2018071730A1 (Licensed to PQ Corp.)

2. B. W Kail, M. L. Gray, W. C. Wilfong, Q. Wang, X Shi, Metal-loaded Basic Immobilized Amine Sorbents
for the Removal of Metal Contaminants from Waste water. Jul. 17, 2019, US 62875364 (New: Licensed
to Somerset Environment)

3. M. L. Gray, B. W. Kail, W. C. Wilfong, Q. Wang, F. Shi. Multi-Functionalized Basic Immobilized Amine
Sorbents for Removal of Metal Contaminants from Wastewater. Filed Jul. 18, 2019, US 62875829 (New:
Licensed to Somerset Environment)

¥
I

@ ""-



https://patents.google.com/patent/WO2018071730A1/en
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Microbial Selenium Treatment of FGD Effluent
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Background

Why should we care about selenium?
Chemical element selenium is a nonmental found in coal and is
then released into the environment via coal fired powerplants.
Small amounts of this element can cause detrimental ecological
consequences. The EPA 2020 ELG rule seeks to limit the
concentrations of selenium and other contaminants from steam
electric power generating sources. Currently it is known that
biological treatment can remove dissolved selenium species, but
not much is known about the organisms with this capability.
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Results and Analysis

IC Analysis

OXYANION CONCENTRATIONS FOR +FGD +SEO4 REACTOR
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IC analysis shows

evidence of up to

09.9% removal of
selenate by microbes.

Unknown bacillus starts at 0.9%
gets as high as 77% of community.

Unknown anaerosolibacter starts
at 0.4% gets as high as 35% of
community.

Taxonomy

TAXONOMY CHANGES OF +FGD +SEO4 REACTORS

FGD Fluid Initial Transfer 1 Transfer 2



https://netl.doe.gov/energy-analysis/details?id=c6289476-4d2b-4d5f-a45d-d02c12fea13e

SEM Imaging of Microbial Processes
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FGD Effluent Cation Heavy Metal Anion Redox Removal: To meet existing
Removal: Hg*2, Pb*2, SelV/VI to Se, Aslll/V to As, regulations
l Cd*?, Co*? i NIl/V to N, ,
LIBS Sensor Task 3 g T Tasks 6 !  § LIBS Sensor
(Task 7) (Task 7)
Fnding Ending To recover
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Comparison between Minimum Theorectical Work and
Actual Electrical Work Required
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Test#1&2 Test#3 Test#4 Test#5 Test#6 baseline testing 1in Summer
Inlet = 22 g/L Inlet =50 g/L Inlet =73 g/L Inlet =106 g/L  Inlet =168 g/L 2021 at UND EERC BEST

Recovery =35% Recovery =40% Recovery =42% Recovery =38% Recovery =35%
M Theoretical Work m Actual Work
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https://www.netl.doe.gov/node/9024
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Program Goal

The Water Management for Power Systems FWP seeks to reduce water consumption at
both new and existing fossil power plants, as well as to decrease the cost of treating
power plant effluent streams by converting them into valuable resources

Tasks: Principal Investigator
« Task#2: Guiding R&D for Treatment of Fossil Power Plant Effluent Streams Eric Grol

« Task#3: Selective Removal of Heavy Metals from Effluent Streams McMahan Gray

« Task#4: Concentrating Wastewater Effluent Streams & Resource Recovery Nicholas Siefert
 Task#5: Impact of Water Use of Power Systems Erik Shuster

« Task#é: Biological Treatment of FGD Effluent Streams Djuna Gulliver

« Task#7:. Characterization of FGD Effluent Streams Dustin Mclintyre

« Task#8: Water Management for Fossil-Based Hydrogen Production Timothy Skone
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* Tasks 2, 5, 8 covered in May 10® presentations

Acknowled%ment: This material is based upon work supported by the Department of
Energy’s Otffice of Fossil Energy (DE-FE)

Disclaimer: This report was prepared as an account of work sponsored by an agency of
the United States Government. RIeither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or assumes
any legal liability or responmbiﬂty for the accuracy, completeness, or usefulness of an(ir
information, apparatus, product, or process disclosed, or represents that its use woul
not infringe privately owned rights. Reference herein to any specific commercial
product, process, or service by trade name, trademark, manufacturer, or otherwise does
not necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United States
Government or any agency thereof.
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Task 7: LIBS calibration and measurement of FGD water elements

leSs (a)

& — Double Pulse &
- Single Pulse

L

Yoy
Fi t}:&
F ‘}%

L

Intensity (a.u.)
. Ww & ;
"8

o

19% 187 199 201 203 205 207
Wavelength (nm)

. DEPARTMENT OF

.@/ENERGY




Task 2: Guiding
R&D for
Treatment of
Fossil Power Plant
Effluent Streams
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Arsenic Selenium
Concentration Concentration

= 1-2 ppm=5-10 ppm ®=15-19 ppm
=2-5 ppm=10-15 ppm
C

m(0.31-1 ppm=32-3 ppm =@ 5-5.8 ppm
31-2 ppm  E33-5 ppm

1 =
Lead Mercury
Concentration Concentration

mm2 2-5 ppm310-15 ppm EE25-38 ppm
£35-10 ppm £315-25 ppm

Em42-50 pptc375-100 ppt = 150-200 ppt
£350-75 ppt=3100-150 ppt
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Task 5: Impact
of Water Use
of Power
Systems
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